Fungal unspecific peroxygenases: heme-thiolate proteins that combine peroxidase and cytochrome p450 properties.
Eleven years ago, a secreted heme-thiolate peroxidase with promiscuity for oxygen transfer reactions was discovered in the basidiomycetous fungus, Agrocybe aegerita. The enzyme turned out to be a functional mono-peroxygenase that transferred an oxygen atom from hydrogen peroxide to diverse organic substrates (aromatics, heterocycles, linear and cyclic alkanes/alkenes, fatty acids, etc.). Later similar enzymes were found in other mushroom genera such as Coprinellus and Marasmius. Approximately one thousand putative peroxygenase sequences that form two large clusters can be found in genetic databases and fungal genomes, indicating the widespread occurrence of such enzymes in the whole fungal kingdom including all phyla of true fungi (Eumycota) and certain fungus-like heterokonts (Oomycota). This new enzyme type was classified as unspecific peroxygenase (UPO, EC 1.11.2.1) and placed in a separate peroxidase subclass. Furthermore, UPOs and related heme-thiolate peroxidases such as well-studied chloroperoxidase (CPO) represent a separate superfamily of heme proteins on the phylogenetic level. The reactions catalyzed by UPOs include hydroxylation, epoxidation, O- and N-dealkylation, aromatization, sulfoxidation, N-oxygenation, dechlorination and halide oxidation. In many cases, the product patterns of UPOs resemble those of human cytochrome P450 (P450) monooxygenases and, in fact, combine the catalytic cycle of heme peroxidases with the "peroxide shunt" of P450s. Here, an overview on UPOs is provided with focus on their molecular and catalytic properties.